Polyvinyl alcohol) (PVA) having N (1-methyl-4-(1,2,4-triazolio))-benzamidate (MTB) was synthesized through acetalization of PVA and 4-dimethoxymethyl-N-(1-methyl-4-(1,2,4-triazolio))benzamidate (DMMTB) in water. The UV spectrum of PVA-MTB shows a characteristic absorption of triazolium ylide at 265 nm in methanol, at 271 nm in ethanol, and at 269 nm as a film, respectively.
Introduction
The photochemistry of pyridinium ylide has been investigated in detail. [1, 2] Upon irradiation 1-acyliminopyridinium ylide undergo mainly valence tautomerization and ring expansion to 1,2-diazepines via a singlet state, and partly fragmentation to pyridine and nitrene via a triplet state. Both reactions are accompanied by a large change in polarity because polar hydrophilic ylides are destroyed. In the latter reaction path, nitrene leads to further reactions, for example, insertion to C-H bonds, hydrogen abstraction, and rearrangement to isocyanate. [3] We reported the synthesis and photoreaction of polyvinyl alcohol) (PVA) bearing N-(1-pyridinio)benzamidate (PB). [4] PVA-PB is soluble in water and becomes insoluble in water on irradiation. Insolubilization of PVA-PB is mainly due to the crosslinking reaction of nitrene derived from the triplet state. An analogous ylide compound, 4-acylimino-1,2,4-triazolium ylide, does not lead to ring expansion while it exclusively undergoes N-N bond cleavage (Scheme 1). [5, 6] It suggests that the triazolium ylide might be a promising material for photoresist use. In this paper, we deal with synthesis and photoreaction of PVA having N-(1-methyl-4-(1,2,4-triazolio))benzamidate (MTB).
Experimental
Measurement -UV absorption spectra were recorded on a Shimadzu UV-160A spectrophotometer. 1H-NMR spectra were measured with a JEOL JNM-GXS270 spectrometer (270 MHz) using tetramethylsilane as the internal standard. IR spectra were recorded on a Perkin-Elmer 1720-X spectrometer.
SEM [7] (5.40 g) was added to the mixture, and the stirring was continued overnight at 55-60°C. Dichloromethane (25 ml) and water (25 ml) were added to the mixture and the organic layer was separated. The aqueous layer was extracted with dichloromethane (25 ml x 5). The dichloromethane solutions were combined and dried over MgSO4. After evaporation of the solvent, the crude product was dissolved in dichloromethane (10 ml) and the addition of diethyl ether gave crystals. 
Results and Discussion
The PVA-MTB was synthesized through acetalization of PVA with DMMTB in water. The solubility of PVA-MTB in water decreases with an increase in the MTB content. PVA having below 4 mol% of MTh groups is easily soluble in water. PVA having more than 6 mol% of those is less soluble in water but soluble in the mixture of water and methanol. The absorption spectrum of PVA-MTB in water, which is similar to that of DMMTB in water, shows the characteristic absorption of triazolium ylides at 249 nm. The MTB content of PVA-MTB was calculated from the absorbance at this wavelength. The MTB content of PVA-MTB is 80-93% of the proportion of DMMTB to the starting PVA (Table 1) . Fig. 1 shows absorption spectra of DMMTB in several solvents and that of a PVA-MTB film. DMMTB has absorption maximums at 249 nm in water, at 265 nm in methanol, at 271 nm in ethanol, and 281 and 289 nm in chloroform, respectively. Clearly the maximum tends to red shift in more hydrophobic solvent because the polar solvent makes ground state more stable than excited state. The spectrum of PVA-MTB film shows maximum absorption of triazolium ylide at 269 nm and is similar to that of DMMTB in methanol and that of DMMTB in ethanol. This implies that hydrophilicity of PVA matrix is between that of methanol and that of ethanol. Fig. 2 shows the change in absorption spectra of DMMTB in methanol on irradiation at 308 nm. The spectra show decrease in absorbance around 270 nm and isosbestic points at 228 and 244.5 nm. The spectrum of DMMTB in ethanol changed in a similar way on irradiation, but the photorection of DMMTB in water is much slower. Fig.3 shows the spectral change of a MTB film on irradiation, which is similar to that of DMMTB in methanol. The spectra exhibits isosbectic points at 232 and 248 nm. The quantum yield of decomposition of MTB groups in a PVA-MTB film is 0.009 and is the same magnitude as that of DMMTB both in methanol (0.005) and in ethanol (0.009). We expected that the quantum yield of decomposition of MTB groups in a PVA-MTB film would be much higher than that of DMMTB in methanol as similar as PB groups. [4] The quantum yield of decomposition of PB groups in a PVA-PB film is 0.095. To understand the difference on reactivity between PVA-PB and PVA-MTB, it is necessary to know the quantum yield of each process, such as intersystem crossing, fluorescence, radiationless decay, and bond cleavage.
As shown in Table 2 , the PVA-MTB is completely soluble in water at MTh content in below 4 mol% before exposure, and becomes almost insoluble in water at MTB content in more than 1 mol% after exposure. The film irradiated is also insoluble in less polar solvents such as methanol, ethanol, and 1:1 mixture of water and methanol. This is due to crosslinking reaction of active species generated from triplet state. Therefore, this polymer can be used as negative photoresist, but not as positive photoresist.
One polymer molecule of MTB content in 1.23 mol% has 10.5 MTh groups, and this value is very few for a photoresist material. Fig. 4 shows conversion of the MTB group and the insoluble fraction of film against the Reaction conversion and insoluble fraction of a 1.3 ,um thick PVA-MTB film bearing 1.95 mol% of MTB groups on irradiation. The conversion was calculated from the change in absorbances at 269 nm before and after exposure. The insoluble fraction was determinded from the difference between absorbances at an isosbestic point (248 nm) before and after dipping a film in water for 2 min at room temperature. 
Conclusions
The PVA-MTB film becomes insoluble in water on irradiation in a low content of photofunctional groups without sensitizers, and can be easily developed with pure water. This polymer can be applied as water-soluble negative photoresist. 
